Abstract
Introduction

1.
Solid waste management and challenges to solid waste management.
One of the most burdens that cause health and environment problems facing African countries is SWM even though these cities use 20 -50% of budget allocated to SWM, the waste collected is only 20 -80%. The illegally dumped uncontrolled waste constitute a disaster for human health and environmental degradation. Inefficient solid waste collection and lack of disposal facilities are the most common problems in developing countries. Researchers have identified several factors to work against SWM efforts in developing countries. The identified common constraints include; inappropriate technology, inefficient policy enforcement, illegal dumping, lack of trained human resource, lack of financing, lack of legislation, lack of political support, policy conflict and overlapping responsibilities at different levels in government, rapid increase of waste generation
Value Stream Mapping
Lean thinking philosophy is an approach that was developed and used in Toyota Production System. It has gained significant popularity in the last decades because of its ability to identify and eliminate non-value adding activities that are cost incurring. The US Environmental Protection Agency advised the integration of lean implementation to improve environmental performance. They defined environmental wastes as any unnecessary use of resources and any substance released on land, water and air that could harm human health or the environment. Lean philosophy proposes five lean principles that ought to be deployed to ensure success and sustainable performance towards delivery of goods or services. These principles include; 1. Definition of value from a customer perspective, 2. Identify the entire value stream and eliminate waste, 3. Make value flow, 4. Production of good/service in response to customer, 5. Pursuit perfection embedding it into the system Martin and Osterlin, 2013) . Xiaoqi (2014) reported that VSM is one of the lean thinking techniques that analyzed and designed flow of materials and information to bring a service or product to a customer, improved work strategies, and gave an in-depth understanding of waste elimination and delivery value. He summarized benefits of VSM as follows; 1. A visual unifying tool that can help visualize non visible work such as exchange of information., 2. VSM creates connections with the customer and helps an organization focus more on customer perspective, 3. VSM provides a holistic system view that connects separate parts into a more collaborative organization with specific objectives, 4. VSM helps to visualize and simplify work process at the macro level to help improve strategic decisions, 5. Value stream maps are effective means of orienting newcomers to understand the holistic view of the organization to help them identify where they fit.
Allan Robinson developed a process improvement service system using 5W2H approach. It is a systematic approach that asks certain questions about a process that can lead to cost and waste reduction. The 5W2H approach [five questions that begin with W, and two questions that begin with H; as follows; What, Why, Where, When, Who, How, and How much. The following table 1.1 is a value stream map illustration that can be used to systematically reduce waste in a production process and identify opportunities for improvement (Stevenson, 2012) . Source: Adopted from Alan Robinson; continuous improvement in operations (Stevenson, 2012) .
Statement Problem
Indiscriminate and illegal solid waste disposal is an embarrassment to developing countries where accumulated heaps of refuse litter in the central business district (CBD) and residential parts of the city. Large volumes of solid waste generated are either deposited on road sides, illegal dumpsite, in drainage systems or open sites which have great impact to the environment Kenya included. Inadequate facilities for solid waste, poor funding, inefficient coordination and implementation of policies as well as life styles have contributed to poor SWM in most developing cities. Despite the efforts made and attention towards SWM in terms of collection, processing, treatment, utilization, recycling and disposal, the challenges to SWM have contributed against effective management of waste in developing cities as reviewed in literature. Major challenges include; composition of solid waste, physical and technical infrastructure, policy legislation and enforcement, personnel, funding and community's attitude towards SWM. VSM is one of the techniques tool of lean thinking philosophy that can be used to analyze the current state of a process, materials and information flow necessary to bring out products or services to the customer. VSM tool is concerned with finding the best techniques and solutions to reduce or eliminate waste in a process and identify opportunities for improvement. Emerging technologies give the SWM stakeholders an opportunity to enhance solid waste collection, increase its diversion and recycling to mitigate SWM challenges and optimize environmental performance.
Objective to the Study
This paper intends to sensitize all the stakeholders of SWM the strategic methods to reduce and mitigate challenges to SWM as reviewed in literature. Outline successful approaches cities can employ towards implementation of effective SWM especially in developing countries. The strategies are based on the experiences learned by different cities as reviewed in empirical studies, surveys, literature relevant to SWM and recommendations various organizations and research institutions about challenges to SWM and applicable solutions.
Beneficiaries of the Study
The study would benefit all the stakeholders of SWM towards decision making and policy implementation to enhance minimum solid waste generation and effective management. Effective SWM systems will address public health, air quality, proper sanitation, poverty reduction and other challenges related to SWM to achieve acceptable global standards for quality life. The study paper presents reviewed literature on publications about SWM, its challenges and applicable solutions especially through VSM. The reviewed literature wishes to develop an evaluation performance framework based on six SWM challenges namely; composition of solid waste, physical and technical infrastructure, policy legislation and enforcement, personnel, funding and community's attitude to SWM in relation to the following VSM components; 1. Consumer, 2. Supplier, 3. Materials flow and 4. Information flow as identified from reviewed literature. The publications reviewed were on general concepts of SWM, others on lean philosophy application in environmental issues while others were more specific on VSM and SWM. The presented paper is divided into five sections, the first section is introduction that discusses a brief history of SWM, challenges to SWM and a brief discussion on lean thinking philosophy and value stream mapping. Second section research methodology, third section literature review on SWM, its challenges and how VSM can be applied to mitigate challenges to SWM. Also in section three is a theoretical framework table of VSM components and their impacts to SWM challenges with key performing indicators that show attributes on SWM. The fourth section is discussion followed by conclusion.
Research Methodology 2.
The study methodology employed qualitative design based on literature review on VSM and its relationship to SWM and challenges to SWM. The bibliography reviewed included; journal papers, dissertations and books. Identified papers were from databases for the period between 2008 and 2016. For papers search the study used the following key words; value stream mapping, solid waste management, challenges to SWM and Sustainability in SWM. The selected papers were journals related to SWM, environmental management, eco-efficiency and lean-green. The reviewed papers were literature reviews, empirical investigations, case studies and surveys among others.
Literature Review 3. Rubiano et al. (2014) Carried out a study in Colombia on applying VSM on SWM, 'A case of small and medium sized enterprise'(SME). The research assessed application of VSM to improve the SWM in a plastic enterprise unit. The solid waste was generated from production processes which included raw materials, work in process, finished products and packaging returns from industrial wastes. To assess application of VSM in SWM at the SME, the study focused on methodological approach based on value stream. The researchers' conventions and indicators for mapping of the solid waste value stream was based on drawing a VSM of the current state and future state for the SME. The study methodology was based on previous works of VSM with environmental focus. The researchers considered characteristics from both applications of VSM in manufacturing and in SMEs to define flows, conventions, indicators that enabled approach of a robust framework for lean practitioners in SWM. Flows and conventions considered included materials and products through a series of steps in the value stream. The study proposed three flows that included; 1. Value added materials which included total amount of material consumed and finally incorporated in the finished product. 2. Non-value added material which included the total amount of material consumed and was not finally added to the finished product. 3. Solid waste recovered in sales, repairs, remanufacturing from the non-value added materials. The methodology suggested a six step approach that analyzed the current and future states, then its implementation. Data was collected through several visits to the Plastic sector unit (PSU) where processes and flows were observed. Clear actions were then defined on reuse and recycle internally or externally. Findings revealed by the current state showed it was possible to identify the flows of materials, information involved and amount of solid waste generated and managed inside or outside the company. With the application of the analysis tool, findings identified 3 solid waste flows; the flow that didn't add value, the flow that originated from the customers revealed weaknesses in quality and failures in recovery strategy, the third flow handled by hydraulic machines showed contamination therefore not suitable for recovery. Table 1 .2 shows expected results after application of the proposed VSM methodology. Source: Rubiano et al. (2014) Strategies were suggested to improve the environmental performance of SWM. The suggested strategies included; 1. Resource optimization and minimizing the amount of waste produced, 2. Reuse of scrap material by incorporating in the manufacturing line. 3. Improved quality control and process monitoring that ensured number of rejected batches were kept at a minimum and 4. Waste exchange, where waste product of one process became the raw material for the second process to reduce disposal volumes. The study conclusion validated the use of VSM technique as an approach that would significantly improve the SWM. Further recommendations suggested that future studies on VSM of SWM should consider other uses of solid waste to come up with recovery models as a strategy to reduce costs, gain earnings and mitigate negative environmental effects. Guerrero et al. (2013) carried out a study to determine the stakeholders action and behavior in their role in waste management and analyzed influential factors on the system. The study was to assess and address challenges of SWM in developing cities. The study aimed to address why there was increased generation of waste, the burden of budget posed by SWM to municipalities, lack of understanding to the diversity of factors that affected different stages of SWM and linkages necessary to enable handling of the entire system. The target population was more than 30 urban areas in 22 developing countries in 4 continents. A combination of methods was used to assess the stakeholders to establish factors influencing performance of waste management in the cities. Data was collected from relevant articles on SWM, observation during visits, structured interviews with relevant professionals, exercises were provided to participants in workshops and questionnaire applied to stakeholders. Analysis of data was by SPSS applying descriptive and inferential statistics. Findings indicated that participants recognized local authority, some ministries from central government and private contractors to be the service providers. The national and local governments were acknowledged as the most important stakeholders that set up policies to SWM. The unrecognized were the informal stakeholders who collected wastes from door to door, from shopkeepers and streets to disposal sites, even though their contribution was seen as very important. Findings revealed limited knowledge on technologies and good practice for waste management, lack of equipment for collection and absence of decision makers interested in environmental programs. Infrastructure which included the roads, increased equipment and human resources had positive impact on delivery of service. It was noted that collection, transfer and transport were very important but also very expensive. Findings showed that composting was relatively low across the cities due to lack of infrastructure and municipal inefficiencies. In final disposal, the study reported that most cities studied had open dumps without leachate treatment, protection nor other infrastructure needed. On recycling, the study noted that when citizens received information and benefits about recycling, they participated more in designing the programs and participate in recycling campaigns. It was also found that when leaders were interested and gave priority in waste management issues, they were more likely to support strategies and infrastructure in waste management. The researchers suggested that decision making and set up programs depended on stakeholders' knowledge and familiarity with new and appropriate technologies as well as good practices on waste management.
A study was carried out by Benefit et al. (2014) in Nigeria on impact of inadequate urban planning on municipal SWM. The aim of the research was to investigate the relationship between unplanned urban settlements and inadequate waste management. The study looked into the impacts of inadequate implementation of urban planning of towns and cities to SWM. The methodology used was qualitative and quantitative designs. Data was collected through field surveys, questionnaires, observation and through information got from published materials. Target population was staff of ministry of environment and households within the cities. 1250 questionnaires were distributed of which 800 were retrieved back. Quantitative data was analyzed by chi-square to measure the statistical significance between inadequate planning and municipal SWM. Study findings revealed that some of the indiscriminate waste disposal existed due to unplanned settlements with 21% of respondents concurring with it. Absence of paved roads and good road network was identified to be a factor that hindered waste collection and disposal services as well as inadequate trained personnel and inadequate funding. The study findings showed that there was strong relationship between unplanned settlements and indiscriminate waste disposal. The study concluded that due to unplanned settlements with badly paved roads, poor road networks and absence of waste management facilities, these factors hindered waste management agencies and companies to collect, transport and dispose generated wastes adequately. To ensure success of SWM in the region, the study reported that good paved roads and networks linking all the settlements in the city was mandatory. Waste management processes, infrastructure and equipment be adequately funded. All stakeholders including the community be part of solid waste planning processes to steer any positive SWM campaign programs. A study was carried out by Nabegu (2010) in Kano, Nigeria on 'An analysis of municipal solid waste'. The aim of the study was to establish and provide data of waste composition, sources of municipal waste, understand type of waste generated, its flow and their implications for management. The methodology used was quantitative and qualitative designs. Data was collected by field surveys, interviews with stakeholders and secondary data from government agencies. The researcher also participated in the daily waste management operations to record firsthand experience and operational difficulties in SWM. Analysis of waste type showed that 43% was organic and 57% non-organic waste. The bio-degradable waste could effectively be diverted from dumpsites and landfills and be utilized through appropriate technologies to process bio-fertilizers and green energy to reduce the bulk waste for disposal. However, composition of waste reported human faecal matter which had environmental impacts and public health issues. The practice of disposing a mixture of waste before treatment was reported to be expensive to municipalities in terms of collection, transportation and loss of valuable materials. The study reported that households were only interested in receiving effective dependable waste management services however, campaigns against negative impacts and inadequate waste collection influenced peoples' attitudes positively. The study concluded that detailed waste characteristics and variation is critical for waste management. Waste composition has effects to human health, environmental impacts and all processes of waste management from storage, collection, transport, choice of technology and its disposal. That to achieve successful waste management, it should be done at local levels instead of current large concentrated practice. Regardless of type of municipal waste composition, urban planning and waste management strategies, the government's initiative to make the necessary inputs is very important to translate SWM into reality. There is also need to involve the community as stakeholders and review legislation to streamline roles of all stakeholders and agencies involved in waste management. Agwu (2012) carried out a study in Port Harcourt city Nigeria and assessed issues and challenges of SWM practices on behavioral perspective. The objective of the paper was to examine the relationship between individual background (age, sex, and social class) and their level of awareness, knowledge and practice on SWM. The study was guided by the research question that addressed the extent of relationship between individuals' background and the level of residents' awareness and practice on SWM. The research assumed that background of residents influenced their attitude and perceived behavioral control thus determined their actual behavior which included level of awareness, knowledge and their practices towards SWM. The study methodology was descriptive cross-sectional survey. The target population were residents of the city where a sample size of 800 were randomly surveyed using structured questionnaire. Data was analyzed by descriptive statistics. Study findings revealed that there was correlation between respondents' knowledge and practices on waste management which was consistent with previous studies by Jones and Raudsepp who documented on relationship between socio-demographic variables such as sex, age and education with environmental practices. Findings showed that more than half (55.8%) of respondents expressed dissatisfaction on how solid waste was disposed, 33.2% were satisfied while only 10.9% were very satisfied with disposal of waste in their environment. From study findings, the research concluded that there was need for behavioral and attitude change to achieve solid waste reduction, recycling and reuse for sustainability. The study recommended that; there was need for sensitization of the city residents on dangers of poor SWM, provision of near accessible waste disposal points and incinerators, enactment of policies and laws concerning waste management practices with penalties to defenders and monitoring of waste recycling.
Okot-Okumu (2014) carried out a study in East African (EA) cities (Kenya, Uganda and Tanzania) to analyze SWM trends from the colonial time to the present. The research reported that the cities had moved from centrally controlled systems monopolized by the urban authorities to the current mixture where there are both public and private systems in varying combinations. The research established main challenges associated with the transition in SWM systems in EA cities and management of solid waste from the source to final disposal. The methodology used in the study was qualitative design which employed document analysis and observation as data collection instruments. The study reported that SWM system in EA has changed from colonial days (in 40s, 50s and 60s) when it was efficient because of lower urban population and adequate resources as compared to current status that displays inefficiencies. Much time is taken in collection and loading waste to trucks by council workers, in the process of transit the uncovered trucks litter the environment causing aesthetic problems. Introduction of private operators have increased solid waste collection levels compared to when it dependent entirely on council workers. In Tanzania and Uganda, it was reported that no formal and clear guidelines exist for e-waste disposal therefore more is generated. Kenya has developed guidelines for e-waste management even though rules are not adhered as it is handled by the informal sector. Composting is reported to be practiced in small scale across the three cities. Composting, recycling and biogas production was reported to be feasible options that would have social economic and environmental benefits to reduce the amount of waste disposed. All the EA countries have policy, legal and institutional framework for waste management. The study reported that the existing laws on waste management are not effectively enforced, informal sector operated with little or no regulation which was attributed to inherent weakness of the laws themselves. Inconsistent SWM services also included lack of political will, public commitment, lack of technical capacity and poor financing. The study recommended that an integrated approach to SWM involving a mix of centralized urban council, controlled conventional methods with innovative decentralized alternatives such as 3Rs, composting, anaerobic biogas production can help to attain sustainability in SWM. For noted poor attitude of the public and political weakness towards SWM, it was suggested to adopt sustainable methods of waste management that were simple and accessible to change the mindset of residents to perceive waste as something of value.
Discussion
4.
Reviewed literature focused on identifying challenges and weaknesses in SWM through application of VSM. Literature revealed that through value stream mapping, it is possible to generate a current state map that visually show flow of materials and information which could make it possible to identify weaknesses along the stream. The study validated the use of VSM as an appropriate tool to significantly improve processes in SWM. Literature revealed that involving all stakeholders in decision making and planning is key for implementation and that decision making and setting up programs depended on stakeholders' knowledge and familiarity with new appropriate technologies and good practices in SWM, however mostly lacking was knowledge, technology and good practice. Reviewed literature showed that improvement of physical infrastructure that included roads, equipment and human resource had a positive impact to SWM. That bad unpaved roads with poor road network and inadequate waste management facilities hindered waste management agencies to collect, transport and dispose generated waste adequately. Studies revealed that waste management processes, infrastructure and equipment be adequately funded and closely monitored for sustainability. Literature showed that detailed waste characteristics and variation is very important for waste management processes like; choice of technology, collection, transport, storage and disposal. And that regardless of waste composition, government's initiative to make the necessary inputs is very critical to achieve success in waste management. Reviewed literature showed that in most countries policies and laws were in place to steer the process however, there is inadequacy in law enforcement due to corruption, inadequate funding, citizens' attitude and lack of awareness among others. Literature showed that there was need for sensitization to positively change behavior and attitude of people. Other identified gaps included the design and methodology used. Some researchers used qualitative design thus presenting the results in verbalized reports, use of quantitative design presents a more elaborate report with quantitative illustrations. Some researchers relied on document analysis and observation as data collection instruments, document analysis may not give current information where records are not updated regularly. Some reviewed studies only included observation as the method of data collection. With observation as a data collection tool, there was possibility of more in-depth information left out (Creswell, 2013) . In Guerrero (2013) study, the researcher targeted a very large area, with such a large area, findings of the study could only address general issues and leave out more pressing challenges in the various cities due to diversity in political and cultural factors.
Classifications of the VSM components (Consumer, Supplier, material flow and information flow) and their relationship to challenges of SWM (composition of solid waste, physical and technical infrastructure, policy legislation and enforcement, personnel, funding and community's attitude to SWM) is necessary to show linkages that different roles of VSM components play for a successful and sustainable SWM. Rubiano et al., 2014; Nabegu, 2010; Guerrero et al., 2013; Alexander et al., 2014; Agwu, 2012; Nitin et al., 2014 . Policy legislation & enforcement Efficiency; Time Management; Systems; Health issues; Environmental impact Agwu, 2012; Okot-Okumu 2012; Alexander et al., 2014; Shanmugam, 2015; C 40 cities, 2016; Anura et al., 2015; Moharana and Mcdonald, 2014. Personnel Awareness; Efficiency; Time Management; Job creation Nabegu, 2010; Rubiano et al., 2014; Alexander et al., 2014; Agwu, 2012; OkotOkumu, 2012; Voltaire et al., 2016. Funding Cost; Efficiency; Systems; Environmental impact; Job creation Alexander et al., 2014; Agwu, 2012; C 40 Cities, 2016; Benefit et al., 2014; Moharana and Mcdonald, 2014 . Community's attitude Awareness; Environmental impact; Quality; Job creation; Time Management Agwu, 2012; Okot-Okumu, 2012; C 40 Cities, 2016; Anura et al., 2015; C 40 cities, 2016 . Supplier Composition Quality; Health issues; Cost; Efficiency; Systems; Environmental impact Rubiano et al., 2014; Alexander et al., 2014; Wangatia, 2014; Anura et al., 2015; Agwu, 2012; Adedipe et al., 2011. Physical & Technical infrastructure Efficiency; Quality; Time Management; Environmental impact; Cost Abreu & Alves, 2015; Benefit et al., 2014; Rubiano et al., 2014; Agwu, 2012 Josiane et al., 2015; Agwu, 2012; Shanmugam, 2015; Voltaire et al., 2016 .
VSM component SWM Challenges
Impact on SWM challenges
Conclusion
5.
Value stream mapping is an effective technique that can be used to reduce or eliminate waste in processes of solid waste management, mitigate challenges of SWM and identify opportunities for improvement. From the reviewed literature it is clear that policies and legislation are very necessary to plan, design and implement solid waste management operations, however with no enforcement the policies are toothless. Therefore, strict adherence and compliance to the policies is very important for sustainability. Empowering and involving all stakeholders in decision making is also critical for sustainability. Government's input and intervention to all the key mentioned challenges of solid waste management can significantly turn around the service delivery to global acceptable standards.
